# 

biica 



TENT ABSTRACTS OF JAPAN 



(ll)Pubi^ation number • 
(43) Date of publication of application 



06-1 n 

22. 04. 



1994 



(51) Int. CI. 



G06F 9/46 



(21) Application number 

(22) Date of filing : 



04-257013 
25. 09. 1992 



(71) Applicant 

(72) Inventor : 



HITACHI LTD 
TANAKA T0SHIHARU 
ARAI T0SHIAKI 
SUGAMA NOBUYOSHI 
YAMAMOT0 TADASHI 
IKEGAYA NAOKO 



1 



"(54) DYNAMIC ALLOCATING METHOD FOR COMPUTER RESOURCES IN VIRTUAL COMPUTER SYSTEM 

(57) Abstract: _ 
PURPOSE: To provide a virtual computer system which is 
dynamically changing the allocation of a main storage area 
to an OS (operating system). 

CONSTITUTION: With the occurrence of a specific event as an 
opportunity, a high-order address area within the guest 
main storage area 420-2 of a virtual computer VM-2 is made 
to an OFF line (unconnection state). Then, a virtual 
computer monitor 410 moves the guest main storage area 
420-2 of the VM-2 and allows the high-order address area 
which is adjacent to the guest main storage area 420-1 of a 
virtual computer VM-1 to be an empty state. Subsequently, 
the high-order address area which is adjacent to the guest 
main storage area 420-1 of the VM-1 is made in ON-line 
(connection state) and is connected with the VM-1. Thus, 
the allocation of a main storage area to an OS is 
dynamically changed. 
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[Brief Description of the Drawings] 

[Drawing 1] The explanatory view of the hot standby system for illustrating the object for application of 
this invention. 

©rawing 2]. The explanatory view of a virtual machine system in which this invention is applied. 

[Drawing 3] The explanatory view of control block of the virtual machine of drawing 2 . 

[Drawing 4] The explanatory view of the address translation in the virtual machine system of drawing 



[Drawing 5] The flow chart of handling of the guest main storage area in the 1st example of this 
invention. 

{Piawiiig.61 The explanatory view of handling of the guest main storage area in the 1st example of this 
invention. 

[Drawing 7] The flow chart of the allocation modification approach of a calculating-machine resource 
for the virtual machine in the 2nd example of this invention, 

[Drawing 8] The explanatory view of the modification approach of the size of the guest main storage 
area in the 2nd example of this invention. 

|J)rawing.9] The explanatory view of the configuration table in the 2nd example of this invention. 
[Description of Notations] 

100: A central processing unit, 200: asynchronous process equipment, a 300:memory control unit, 
400:main storage, a 4 10: virtual -machine monitor, the guest main storage area of 420-i: virtual-machine 
VM-i, 9000 : configuration table 
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Cj Petailed De scription of the tovenfian^ 

[oooTT ■ — " 

[Industrial Application] This invention relates to a suitable computing system to change allocation of the 
computer resource to OS dynamically about a computing system in the computing system two or more 
OS's run on one computer especially. 
[0002] 

C jDescription of the Prior Artp ^s a computing system which can run two or more operating systems 
(OS:Operating System) in an one calculating-machine top, there is a virtual machine system 
(VMS: Virtual Machine System). A virtual machine system enables tr ansit of one OS which generates 
two or more virtual machines (VM: Virtual Machine) w hich are logical cnmpiit^r^ and corresp onds in 
ea chvirtual machine (VM) on one computer. This virtual machine system is mainly used, in ord er to 
emplo y two or more different activity eye OS's on one calculating machine, or to perform system 
gener ation of OS of an upgrade product, employing OS of an earlier version or to perform the te st of OS 
to ]iiyt a p nsi tion on nne nlmhtinnf ma chine Tn a vir tual machine system, the virtual -machine m onitor 
n/ MM: Virtual Machine Monitor) which is the control program distributes a calculating-m achine 
re source to each virtual machine (VM), and performs scheduling of a virtual machine (VM), a nd 
d ispatc h. Moreover, a virtual-machine monitor (VMM) performs simulation processing of the 
instruction which cannot carry out immediate execution, i.e., the instruction which needs inclusion of 
software, etc. by the computer among the instructions which OS on a virtual machine published. 
[0003] A virtual machine has page possible VM and the page immobilization VM depending on how to 
give the main storage area (guest main storage area) of a virtual machine. Page possible VM stations a 
guest main storage area permanently like a JP,57-212680,A publication on the virtual space (host virtual 
space) which the virtual -machine monitor (VMM) generated. Therefore, the guest main storage area of 
page possible VM is set as the object of paging by the virtual-machine monitor (VMM). By this paging, 
size of the guest main storage area of page possible VM is made more greatly than the size of the paging 
area of the virtual -machine monitor (VMM) which is the mapping place of a host virtual space. 
[0004] On the other hand, the page immobilization VM stations a guest main storage area permanently 
at the continuation field on main storage like a JP,60-24735,A publication. Therefore, the guest main 
storage area of the page immobilization VM is not set as the object of paging by the virtual -machine 
monitor (VMM). For this reason, the page immobilization VM has few overheads which address 
translation takes compared with page possible VM. However, only the continuation area size of the 
matched main storage can set up the size of the guest main storage area of the page immobilization VM. 
[0005] Moreover, JP,3-21 1629, A suspends access to the guest main storage area by asynchronous 
process equipments which process to asynchronous with a central processing unit, such as a channel, 
and is indicating the virtual machine system which makes movable the guest main storage area of the 
page immobilization VM on main storage. According to this virtual machine system, fragmentation of 
the storage region of main storage can be prevented by moving in a guest main storage area. 
[0006] Furthermore, JP,2-201655,A is indicating the virtual -machine quota method which assigns two 
or more central processing units which constitute one computer as a central processing unit of a virtual 
machine. 

\om^ 

tobeSolve^Jb^^Hie'ln^^ There are the following technical problems in assignment of 
the guest main storage area in a virtual machine system. 

[0008] (1) The 1st technical problem is related with the tnfol halanr.p of the sire of a pnest tna,in sroraqp 

area. 

[0009] In employment of a virtual machine system, the load effect of a virtual machine occurs 
periodically in many cases. For example, when two sets of virtual machines are employed all day, with 
the 1st virtual machine, since TSS (Time Sharing System) is employed, the load of day ranges is 
expensive, and in order to perform a batch job at idle time, with the 2nd virtual machine, the load of 
night uses often [ of being high ]. In such a case, the direction which gave more main storage areas to 
the virtual machine of the one where a load is more expensive can reduce paging processings etc., and 
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the whole throughput improves. 

[0010] Moreover, it is better to enlarge the guest main storage area 420-2 of virtual -machine VM-2 
which give the comparatively little guest main storage area 420-1 to virtual-machine VM-1, and employ 
a batch job and TSS, wh ile the 1st calculating machine 500 is operating normally, when virtual-mac hine 
V M-1 on the 2nd calculating machine 600 is in ^hotstandfiy condition to the 1st calculating machine 
5 00, as shown in drawing 1 . This is because onlyprocessing which it had when 4?ailure_ occuire^ to the 
1st computer 500 is performed in virtual -machine VM-1. When the system transfer device 700 changes 
processing of the 1st computer 500 to virtual -machine VM-1 according to the failure of the 1st computer 
500, it is desirable to enlarge size of this guest main storage area 420-1 of virtual -machine VM-1* and to 
enable it to bear a high load. 

[001 1] However, in order to change the size of the guest main storage area of a virtual machine 
conventionally and also to have to change arrangement of the main storage area of other virtual 
machines, all the virtual machines had to be suspended. 
[0012] (2) The 2nd technical problem is related with the migration on the main storage of a guest main 
storage area. The channel program (guest channel program) as which OS on a virtual machine requires 
activation by input/output instruction is described by the absolute address on a guest main storage area 
(guest absolute address). For this reason, in the simulation by the virtual-machine monitor (VMM) of the 
input/output instruction of OS issuance, the channel program (host channel program) which changed the 
data address into the absolute address (host absolute address) in main storage is created, next this host 
channel program is performed. Therefore, all the data addresses of the host channel program which 
started activation before migration of a guest main storage area show the guest main storage area before 
migration. For this reason, if the guest main storage area migration-back is resumed by the approach 
which JP,3-21 1629, A indicates and activation of a host channel program is resumed with a virtual- 
machine monitor, only the data of the field before migration will be updated and the data of the guest 
main storage area after migration will not be updated. Therefore, the inequality of data will occur. 
[0013] (3) The 3rd technical problem is related with modification to page possible VM from the page 
immobilization VM. It is desirable to make a free area by setting page immobilization VM to page 
possible VM by generation of a new virtual machine etc., when a main storage area is required. Under 
the present circumstances, since it is accompanied by size change of a guest main storage area, 
migration, etc., the same technical problem as the above occurs. 

[0014] (4) The 4th technical problem is related with modification to the page immobilization VM from 
page possible VM. When there is free area sufficient on main storage, in order to raise the engine 
performance, it is desirable to consider page possible VM as the page immobilization VM. Also in this 
case, since it is accompanied by size change of a guest main storage area, migration, etc., the same 
technical problem as the above usually occurs. 

[0015] (5) The 5th technical problem is related with assignment of the central processing unit to a virtual 
machine. When the load effect of a virtual machine occurs periodically, or when a system changes to the 
virtual machine which was in the hot standby condition, the central processing unit should be 
preferentially given to the virtual machine of a high load. However, as JP,2-201655,A showed, 
assignment of the central processing unit to a virtual machine was conventionally decided to be the 
generate time of a virtual machine fixed. 

[0016] The object of this invention is to offer the dynamic allocation approach of the computer resource 
in a virtual machine system which makes possible reallocation of the computer resource according to the 
load effect of each virtual machine. 

[0017] Other objects of this invention are about the size of a guest main storage area to offer the virtual 
machine system which can be changed dynamically. 

[0018] The object of further others of this invention is to offer the dynamic allocation approach of a 
computer resource [ in / for a guest main storage area / a movable virtual machine system ] on main 
storage, without suspending access to the guest main storage area by asynchronous process equipments, 
such as a channel. 

[0019] Moreover, another object of this invention is to offer the dynamic allocation approach of a 



http ://www4 . ipdl j po . go j p/cgi -bin/tran_web_cgi_ej j e 61 1 0/04 



( 



Page 3 of 8 



computer resource [ in / for assignment of the central processing unit to a virtual machine / the virtual 
machine system which can be changed dynamically ]. 
[0020] 

[Means for Solving the Problem] An approach to assign the computer resource in the virtual machine 
system by this invention In the virtual machine system two or more operating systems (OS) in the 
calculating-machine top containing the central processing unit concerned and the asynchronous process 
equipment which processes to asynchronous run under control of a virtual -machine monitor according to 
the directions from a central processing unit, main storage, and said central processing unit While 
assigning the 1st fixed area of said main storage to the 1st OS among said two or more OS's The step 
which assigns the 2nd fixed area which adjoins the address high order side of said 1st fixed area to the 
2nd OS, By moving the step which reduces the size of the 2nd fixed area assigned to said 2nd OS, and 
the 2nd fixed area which reduced this size to an address high order side on said main storage, when a 
specific event occurs It has the step which generates a free area to the address high order side of said 1st 
fixed area, and the step to which the size of the main storage area of said 1st OS is expanded. 
[0021] The step which generates said free area is preferably made into the virtual space where said 
virtual -machine monitor generated the main storage area of said 2nd OS, and it has the step which maps 
this virtual space in said 2nd reduced fixed area, the step which changes the mapping place of said 
virtual space into the field of the migration place of said main storage, and the step which assigns the 
field of this migration place as a fixed area of said 2nd OS. 

[0022] Moreover, during migration of the main storage area of said 2nd OS The step to which said 
virtual-machine monitor carries out simulation of the beginning-of-using instruction of said 
asynchronous process equipment which said 2nd OS published, As for the step which analyzes which 
field said asynchronous process equipment accesses among the main storage areas of said 2nd OS at the 
time of this simulation, and the field used as this object for access, it is desirable to have the step which 
moves after the access termination by said asynchronous process equipment. 

T unctionJ 

JeTTne the calculating-machine resource of this virtual machine generating before of a specific event, 
a nd after generating as the^configuration table at the generate time of each virtual machine etc. And 
^I ffien a specific event occu rs) th e field of an add ress hi gh order contiguous to the guest main sto rage 
r ^ a rea of the 1st virtual machine is made into a free area by reducing the size of the main storage area 
^ f ^ ( guest main storage area") of the 2nd OS (virtual machine) according to the definition of aj &nfjgurati on 
table and moving on main storage in the guest main storage area of each virtual machine. Then, the size 
o f the guest main storage area of the 1st virtual machine is expanded according to the definitionoTa" 
configuratioxUable. 

[0024] Moreover, according to the definition of a configuration table, assignment of the central 
processing unit to a virtual machine can also be changed at this time. For example, from the condition 
that three sets of virtual machines were sharing two sets of central processing units, the 1st and the 2nd 
virtual machine share the 1st central processing unit, and the 1st virtual machine changes in the 
^ condition of having the 2nd central processing unit chiefly. 

\ [0025] Here, a failu re occurs to the event of having become specific time amount the computer a vi rtual 
•-W^C ma chine runs, and the 2nd different computer, and a specific event shows the event that OS on the 1st 

C Vi rtual machine SUCC eflriftri pronging nf {hie 9 ir |fj rnmpntpr 

[0026] The virtual machine system which can be changed dynamically can be offered for the size of a 
guest main storage area as mentioned above, 

[0027] Moreover, the virtual machine system which can be changed dynamically can be offered for 
assignment of the central processing unit to a virtual machine. 

[0028] (2) When moving on main storage in the guest main storage area of the page immobilization VM, 
define it as the virtual space (host virtual space) where the virtual-machine monitor (VMM) generated 
the response relation between a guest main storage area and the continuation field on main storage, 
change the mapping place of a host virtual space into a migration place field, and assign the continuation 
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field on the main storage after migration as a guest main storage area of OS. Moreover, a virtual- 
machine monitor (VMM) carries out simulation of the beginning-of-using instruction of asynchronous 
process equipment according to OS in under migration of a guest main storage area, and it moves after 
the completion of access in the access object domain of the guest main storage area by asynchronous 
process equipment. Under the present circumstances, during migration of a guest main storage area, 
becoming discontinuous [ the main storage area corresponding to a host virtual space ] per page is 
permitted by utilization of page possible VM. Thus, it moves one by one in a field from the field of the 
outside for [ of the guest main storage area by asynchronous process equipment ] access. For this reason, 
asynchronous process equipment does not access to the field before migration accidentally after a 
domain migration. 

[0029] A guest main storage area can be moved on main storage, without suspending access to the guest 
main storage area according to asynchronous process equipments, such as a channel, as mentioned 
above. 

[0030] (3) Define the response relation between the guest main storage area of the page immobilization 
VM, and the continuation field on the main storage with which this resides permanently as a host virtual 
space, and run address translation OS using the definition information on a host virtual space. Moreover, 
areaj size of the mapping place of a host virt 11 ^ gp ar.p is made smaller than guest main storage area siz e 
hy pa rrying nut p agp-mit nf th^ fi^iH nf fhfl mappin g place of a host virtual space. Thus, th e page 
i mmobilization VM can be dynamically changed into page possible VM. 

[003 1] (4) When page-out of the field of the mapping place holding the response relation between the 
guest main storage area of page possible VM and main storage of a host virtual space is carried out, 
carry out page-in of this field on main storage. Next, the continuation field of main storage is matched as 
a mapping place of a host virtual space. And it is made to run OS using the arrangement information in 
the main storage of this continuation field. Thus, page possible VM can be dynamically changed into the 
page immobilization VM. 
[0032] 

[Example] Hereafter, the 1st example about handling of the guest main storage area of this invention and 
the 2nd example about the allotment modification approach of a computer resource are explained to a 
detail using drawing. 

[0033] L The block diagram of the virtual machine system (VMS) of this example is shown in handling 
drawing 2 of a guest main storage area. As for 100-1 and 100-2, in drawing 2 , a central processing unit 
and 200 are [ the asynchronous process equipment which processes in / central processing unit 100-k (1 
k= 2) / asynchronous, and 300 ] memory control units which control the reference and updating to main 
storage 400. 

[0034] Asynchronous process equipment 200 is a channel when a calculating machine is the usual 
general purpose large-sized calculating machine. A channel performs data transfer to asynchronous [ of 
central processing unit 100-k (1 k= 2) / actuation and asynchronous ] between an I/O device and main 
storage 400. Moreover, when a calculating machine is a supercomputer, asynchronous process 
equipment 200 is a vector processor. A vector processor performs the instruction train on main storage 
400 (the so-called vector instruction train) to asynchronous [ of central processing unit 100-k (1 k= 2) / 
actuation and asynchronous ]. In this e xample, three sets of the page immobilization VM shall ru n as an 
initi al state, an d the stora ge region of the main storage 400 except th e fi e ld of the virt ual ^ n a ^hinp 
monitor _(VMM) 410 shall be a ssi gned to each virtual machine as the guest main storage area 42 0-1 of 
virtual-mach ine VM-1, the guest main stp ragp area 490-2 ^v irtual-machine VM-2, andjiguest main 
sto rage_area 420-3 o f virfl ia l-mnrhinr VM 3 

[0035] Next, control-block 430-i (2 i= 1, 3) created in order that the virtual-machine monitor 410 may 
control transit of each virtual machine using drawing 3 is explained. Control-block 430-i exists 
corresponding to each virtual-machine VM-i (2 i= 1, 3), and OS on virtual -machine VM-i gives the 
various control information under transit in central processing unit 100-k (1 k= 2). 
[0036] In drawing.3 , when the immediate execution bit 43 1 is 1, immediate execution of the starting 
initiation instruction of the asynchronous process equipment 200 which OS on a virtual machine 
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published is carried out, and at the time of 0, activation of an instruction is inhibited and is performed 
through the virtual-machi ne monitor 410. When the p age fixed VM discernment bit 432 is 1, it is shown 
that a virtual machine tsthepage immobilization VTVD and it is shown that it is page possible VM at the 
time of 0. When the page fixed VM discernment bit 432 is 1, origin address field 433 and the terminal 
point address field 434 hold the origin address and the destination address in main storage 400 of a guest 
main storage area. Moreover, when the page fixed VM identifier 435 is 0, the 1st control register 435 of 
a host holds the start address of a host segment table (host ST) which defines the host virtual space in 
which the guest main storage area of this virtual machine resides permanently. 
[0037] Next, the address translation in a virtual machine system (VMS) is explained using drawing 4 . 
[0038] The logical address 4000 (guest logical address) on the virtual space (guest virtual space) which 
OS on virtual -machine VM-2 generated is changed into the guest absolute address 4200 as a result of the 
address translation 4100 by the guest segment table (guest ST) and guest page table (guest PT) which 
OS created on the guest main storage area 420-2. And when a virtual machine is the page 
immobilization VM (i.e., when the page fixed VM discernment bit 432 of the control block.430 of this 
virtual machine is 1), a selector 4500 comes into effect and the conversion resultby the address - 
translation circuit 4300 for page fixed VM serves as the host absolute address 4600. On the other hand, 
when a virtual machine is page possible VM (i.e., when the page fixed VM discernment bit 432 of the 
control block 430 of this virtual machine is 0), a selector 4500 comes into effect and the conversion 
result by the address translation circuit 4400 for page possible VM serves as the host absolute address 
4600. 

[0039] Here, conversion to the host absolute address 4600 from the guest absolute address 4200 by the 
address translation circuit 4300 for page fixed VM is performed by adding the value of origin address 
field 433 to the guest absolute address 4200 with an adder 43 10 as indicated by said JP,60-24735,A. 
However, when the value as a result of addition exceeds the value of the terminal point address field 
434, a comparator 4320 generates an interrupt signal 4330, in order to report program interruption to 
OS. 

[0040] On the other hand, conversion to the host absolute address 4600 from the guest absolute address 
4200 by the address translation circuit 4400 for page possible VM is performed as follows as indicated 
by said JP,57-212680,A. First, the guest absolute address 4200 will be the host virtual address, if it sees 
from the virtual -machine monitor 410. For this reason, the value of the 1st control register 435 of a host 
and the value of the segment field (S) of the host virtual address 4410 are added with an adder 4420, and 
the entry address of the host segment table (host ST) 4430 is obtained. The value of the page field (P) of 
the page table address of this entry and the host virtual address 4410 is added with an adder 4440, and 
the entry address of the host page table (host PT) 4450 is obtained. The host absolute address 4600 is 
obtained by furthermore combining the displacement (D) of the page address of this entry, and the host 
virtual address 4410. 

[0041] Next, handling on the main storage 400 of the main storage area of a virtual machine is explained 
using drawing 5 and drawing 6 . Drawing 5 is the flow chart of handling of a guest main storage area, 
and drawing 6 is the explanatory view of handling of a guest main storage area. 
[0042] In the initial state shown in drawing 6 (a), virtual-machine VM-3 end transit, and as shown in 
drawing 6 (b), suppose that some fields of main storage 400 would be in idle status. Then, it moves on 
main storage 400 by the approach described below in the guest main storage area 420-2 of virtual- 
machine VM-2. 

[0043] First, in order that the virtual -machine monitor 410 may carry out simulation of the starting 
initiation instruction of the asynchronous process equipment 200 which OS on virtual-machine VM-2 
published, the immediate execution bit 43 1 in virtual-machine VM-control block 430-2 of 2 is set as 0 
(step 5000). Thereby, if OS on virtual -machine VM-2 publishes the starting initiation instruction of 
asynchronous process equipment 200 during migration of the guest main storage area 420-2, activation 
of an instruction will be inhibited and will be deduced by the virtual-machine monitor 410. 
[0044] Next, to virtual-machine VM-2 which are the page immobilization VM, as shown in drawhjg.6 
(c), the virtual -machine monitor 410 generates the host virtual space 450, and changes VM into page 
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possible VM (step 5010). The value which added the origin address of a paging area shown in drawing 6 
(c) to the host virtual address sets up a table value so that it may become the host absolute address of the 
guest main storage area of virtual-machine VM-2, and it creates the host segment table (host ST:Host 
Segment Table) and host page table (host PT:Host Page Table) which define this host virtual space 450 
in the field in the virtual-machine monitor 410. namely, the j-th page of a paging area which the j-th 
page of the host virtual space 450 shows to drawing 6 (c) -- matching ** -- the virtual -machine monitor 
410 creates Host ST and Host PT like. 

[0045] Next, it judges whether the virtual-machine monitor 410 needs to make area size of a mapping 
place small (step 5020). This judgment is judged by making area size of a mapping place small, and 
whether there was any assignment by the command input of the user of a virtual machine system (VMS) 
etc. When there is assignment, it changes into the size which had the area size of a mapping place 
specified, and page-out of the remaining fields is carried out. Thereby, the area size of the mapping 
place of the host virtual space 450 is made smaller than the size of a guest main storage area (step 5030). 
However, the guest main storage area for [ by asynchronous process equipment 200 ] access is made 
into the outside of the object of page-out. 

[0046] Next, OS it is made to run judges whether it is under [ activity ] ****** for asynchronous 
process equipment 200 (5035). If it is not [ be / it ] under activity, the mapping place of all the fields of 
the host virtual space of the OS concerned will be changed into a migration place field (5040), and it 
will shift to step 5100. Modification of this migration place field is copied to the field after moving the 
content of the field before migration, and is performed by mapping to the field after moving in the field 
on the host virtual space 450 mapped by modification of Host ST and Host PT to the field before 
migration. If it becomes during an activity at step 5035, by setting 0 as the page fixed VM discernment 
bit 432 of the control block 430-2 of virtual-machine VM-2 of drawiiig.3. , and setting the address of a 
host segment table (host ST) as the 1st control register field 435 of a host, the definition information on 
the host virtual space 450 will be specified, and OS on virtual-machine VM-2 will be dispatched (step 
5050). Then, transit (step 5060) of OS is started. Since the page fixed VM discernment bit 432 in 
virtual -machine VM-control block 430-2 of 2 is 0 while this OS runs, conversion to the host absolute 
address from the guest absolute address is performed according to the host segment table (host ST) 
specified as the 1st control register field 435 of a host of the control block 430-2 of virtual-machine VM- 
2, and the host page table (host PT) specified by this host ST. 

[0047] After OS transit initiation, since the immediate execution bit 43 1 of the control block 430-2 of 
VM-2 is 0 when OS on virtual-machine VM-2 publishes the starting initiation instruction of 
asynchronous process equipment 200 (step 5070), this instruction is deduced by the virtual -machine 
monitor 410. Consequently, the virtual-machine monitor 410 performs simulation of a starting initiation 
instruction of asynchronous process equipment 200^(step 5080). In this simulation, the address made 
into the object of data transfer according to the current mapping condition of a virtual space is changed, 
and a starting initiation instruction is anew publish4d to asynchronous process equipment 200. If starting 
is successful (5083), it will progress to step 5085, /and if starting still goes wrong for the reason of the 
asynchronous process equipment activity middle class, it will return to step 5050. 
[0048] Then, as shown in drawing 6 (d), the mapping place of the host virtual space 450 which is 
unrelated to the data transfer of asynchronous process equipment 200 is changed into a migration place 
field (step 5085). The field in the guest main storage area 420-2 which is related to the data transfer of 
asynchronous process equipment 200 is specified as the starting initiation instruction of asynchronous 
process equipment 200. For this reason, mapping places other than the corresponding page are gradually 
changed into the field of a migration place. 

[0049] It judges whether the virtual -machine monitor 410 completed migration of the guest main storage 
area 420-2 of virtual -machine VM-2 after this simulation (step 5090). All the mapping places of the host 
virtual space 450 can judge this judgment by whether it became the field of a migration place. And as 
shown in drawing.6 (e), the address translation information on the guest main storage 420-2 is reset by 
setting up the origin address and the destination address of the guest main storage area 420-2 after 
moving to the origin address field 433 and the terminal point address field 434 in control-block 430-2 at 
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the time of the completion of migration (step 5100). Next, as shown in drawing 6 (f), 1 is set as the page 
fixed VM discernment bit 432 in control-block 430-2 of virtual-machine VM-2, and it considers as the 
page immobilization VM (step 5110). Moreover, in order to carry out immediate execution of the 
starting initiation instruction of the asynchronous process equipment 200 by OS on virtual-machine VM- 
2, the immediate execution bit 43 1 in virtual-machine VM-control block 430-2 of 2 is set as 1 (step 
5120). 

[0050] And the control block 430-2 of virtual-machine VM-2 of drawing 3 is specified, and OS is 
dispatched (step 5130). Then, transit (step 5140) of OS is started. While this OS runs, since the page 
fixed VM discernment bit 432 in virtual-machine VM-control block 430-2 of 2 is 1, conversion to the 
host absolute address from the guest absolute address is performed by adding the value of origin address 
field 433 to the guest absolute address. Furthermore, the upper limit check of the address is performed 
the value of the terminal point address field 434, and by comparing the host absolute address. 
[0051] After transit initiation, since the immediate execution bit 431 of the control block 430-2 of VM-2 
is 1 when OS on virtual -machine VM-2 publishes the starting initiation instruction of asynchronous 
process equipment 200 (step 5150), immediate execution of this instruction is carried out by the 
instruction processing unit 100, without being deduced by the virtual-machine monitor 410 (step 5160). 
[0052] According to this example as mentioned above, with a central processing unit, a movable virtual 
machine system can be offered for a guest main storage area on main storage, without suspending access 
to the guest main storage area by the asynchronous process equipments 200 which process to 
asynchronous, such as a channel. Moreover, dynamically, the page immobilization VM can be changed 
into page possible VM, or page possible VM can be changed into the page immobilization VM. 
[0053] The allotment modification approach of a computer resource is explained using allotment 
modification approach drawing 7. of II. computer resource, drawings , and drawing. 9 . Drawing, 7 is the 
flow chart of the allotment modification approach of a calculating-machine resource, drawing 8 is the 
explanatory view of the modification approach of the size of a guest main storage area, and drawing 9 is 
the explanatory view of the configuration table 9000. The configuration table 9000 shows the computer 
resource assigned to each virtual machine an event generating front and after event generating. For 
example, the configuration table 9000 of drawing 9 is set to the initial state (condition before event 
generating) shown in drawjng.8 (a). Virtual -machine VM-1 which has the guest main storage area 420-1 
which consists of 32 megabytes, Virtual -machine VM-2 which have the guest main storage area 420-2 
which consists of 128 megabytes, Three sets of the virtual machines of virtual -machine VM-3 which 
have the guest main storage area 420-1 which consists of 32 megabytes mean sharing and running a 
central processing unit 100-1 and 100-2. 

[0054] Then, if a specific event occurs, the virtual -machine monitor 410 will demand OS on virtual- 
machine VM-2 to reduce to 32 megabytes specified as the configuration table for the guest main storage 
area 420-2 (step 7000). Here, a failure occurs to the event of having become specific time amount, and 
the 1st computer 500 shown in drawing..!. , and a specific event shows the event that OS on virtual- 
machine VM-1 of the 2nd computer 600 succeeded processing of this 1st computer 500 with the system 
transfer device 700. Consequently, as shown in drawing 8 (b), OS on virtual -machine VM-2 makes the 
field of the high order address in guest main storage area 420-2 off-line (condition of not connecting) 
(step 7010), and separates it from virtual -machine VM-2. 

[0055] Next, the virtual-machine monitor 410 moves like the case of the 1st example in the guest main 
storage area 420-2 of virtual -machine VM-2 (step 7020), By this, as shown in (c) of drawing.8. , the field 
of the high order address contiguous to the guest main storage area 420-1 of virtual-machine VM-1 can 
be made into a free area. 

[0056] Moreover, the virtual-machine monitor 410 demands OS on virtual-machine VM-1 to expand to 
128 megabytes specified as the configuration table for the guest main storage area 420-1 (step 7030). 
Consequently, as shown in (d) of drawing 8 , OS on virtual-machine VM-1 makes the field of the high 
order address contiguous to the guest main storage area 420-1 online (connection condition) (step 7040), 
and it connects with virtual-machine VM-1. 

[0057] Furthermore, the virtual-machine monitor 410 makes virtual-machine VM-1 monopolize one set 
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of a central processing unit 100-1, makes a central processing unit 100-2 share with virtual-machine 
VM-2 between virtual-machine VM-3, and makes it run OS on a virtual machine, as shown in the 
configuration table 9000 (step 7050). 

[0058] According to this example as mentioned above, the virtual machine system which can be 
changed dynamically can be offered for the size of a guest main storage area. Moreover, the virtual 
machine system which can be changed dynamically can be offered for allotment of the central 
processing unit to a virtual machine. 
[0059] 

[Effect of the Invention] According to this invention, the virtual machine system which can be changed 
dynamically can be offered for the size of a guest main storage area by making into a free area the field 
of an address high order which moves on main storage in the guest main storage area of each virtual 
machine, and adjoins the guest main storage area of a specific virtual machine. 
[0060] Moreover, a movable virtual machine system can be offered for a guest main storage area on 
main storage, without suspending access to the guest main storage area according to asynchronous 
process equipment by moving one by one in a field from the field of the outside for [ of the guest main 
storage area by asynchronous process equipments, such as a channel, ] access. 
[0061] Moreover, the virtual machine system which can be changed into page possible VM can be 
offered for the page immobilization VM by defining the response relation between the guest main 
storage area of the page immobilization VM, and the continuation field on the main storage with which 
this resides permanently as a host virtual space. 

[0062] Moreover, the virtual machine system which can be changed into the page immobilization VM 
can be offered for page possible VM by matching the continuation field of a main storage area as a 
mapping place of a host virtual space. 

[0063] Furthermore, the virtual machine system which can be changed dynamically can be offered for 
allotment of the central processing unit to a virtual machine by assigning the computer resource 
indicated by each virtual machine ignited by generating of an event at the configuration table 
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[Claim(s)]x 

TTJIairrTl] In the virtual machine system two or more operating systems (OS) in the calculating-machine 
top containing the central processing unit concerned and the asynchronous process equipment which 
processes to asynchronous run under control of a virtual-machine monitor according to the directions 
from a central processing unit, main storage, and said central processing unit While assigning the 1st 
fixed area of said main storage to the 1st OS among said two or more OS's The step which assigns the 
2nd fixed area which adjoins the address high order side of said 1st fixed area to the 2nd OS, By moving 
the step which reduces the size of the 2nd fixed area assigned to said 2nd OS, and the 2nd fixed area 
which reduced this size to an address high order side on said main storage, when a specific event occurs 
The approach of having the step which generates a free area to the address high order side of said 1st 
fixed area, and the step to which the size of the main storage area of said 1st OS is expanded to assign 
the computer resource in a virtual machine system. 

[Claim 2] The dynamic allocation approach of the computer resource in a virtual machine system of 
setting to claim 1 and having the step which defines the size of the main storage area of each OS 
generating before of said specific event, and after generating, and the step which changes the size of the 
main storage area of two or more of said OS's according to said definition when said specific event 
occurs. 

[Claim 3] The dynamic allocation approach of the computer resource in a virtual machine system of 
having two or more said central processing units, and having the step which defines the central 
processing unit assigned to each OS the generating front of a specific event, and after generating, and 
the step which assigns a central processing unit to said two or more OS's according to said definition 
when said specific event occurs in claim 1. 

[Claim 4] It is the dynamic allocation approach of the computer resource in a virtual machine system 
characterized by being the event that said specific event became specific time amount in claims 1, 2, or 
3. 

[Claim 5] It is the dynamic allocation approach of the computer resource in a virtual machine system 
which a failure occurs to the 2nd computer by which said specific event differs from said computer in 
claims 1, 2, or 3, and is characterized by being the event that said 1st OS succeeded processing of this 
2nd computer. 

[Claim 6] The step which generates said free area of claim 1 The step which considers as the virtual 
space where said virtual-machine monitor generated the main storage area of said 2nd OS, and maps this 
virtual space in said 2nd reduced fixed area, The dynamic allocation approach of the computer resource 
in a virtual machine system characterized by having the step which changes the mapping place of said 
virtual space into the field of the migration place of said main storage, and the step which assigns the 
field of this migration place as a fixed area of said 2nd OS. 

[Claim 7] In claim 6 during migration of the main storage area of said 2nd OS The step to which said 
virtual-machine monitor carries out simulation of the beginning-of-using instruction of said 
asynchronous process equipment which said 2nd OS published, The step which analyzes which field 
said asynchronous process equipment accesses among the main storage areas of said 2nd OS at the time 
of this simulation, and the field used as this object for access The dynamic allocation approach of the 
computer resource in a virtual machine system characterized by having the step which moves after the 
access termination by said asynchronous process equipment. 

[Claim 8] In the virtual machine system two or more operating systems (OS) in the calculating-machine 
top containing the central processing unit concerned and the asynchronous process equipment which 
processes to asynchronous run under control of a virtual-machine monitor according to the directions 
from a central processing unit, main storage, and said central processing unit When moving in the fixed 
area of the consecutive addresses of said main storage assigned as a main storage area of one of said 
OS's, The step which defines the response relation between the main storage area of the OS concerned, 
and said fixed area as the virtual space which said virtual -machine monitor generated, The dynamic 
allocation approach of the computer resource in a virtual machine system of having the step which 
changes the mapping place of said virtual space into the fixed area of the consecutive addresses of the 
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migration place on said main storage, and the step which assigns the fixed area of this migration place as 
a main storage area of said OS. 

[Claim 9] The dynamic allocation approach of the computer resource in a virtual machine system 
characterized by having the step which makes size of the fixed area of the mapping place of said virtual 
space smaller than the size of the main storage area of said OS after said step to define in claim 8. 
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